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It has been shown by one of us (1) that exposure of rabbits continuously to 
a  high external temperature modifies very markedly the  course  of infectious 
myxomatosis.  The experiments here reported were undertaken in a  continua- 
tion of these observations and were designed to measure more exactly the effect 
of external temperature on the course of infectious myxomatosis, and to obtain 
information  as  to  the  reaction  of  animals  convalescent from  infection  when 
they  were  subjected  to  reinoculation  with  active  virus.  Observations  were 
made  also  on  the  development  of precipitating and  protective antibodies in 
the  serum  of recovered  animals. 
Materials and Methods 
Virus.--The strain of myxoma virus used was derived from one secured originally 
from Dr. T. M. Rivers.  In order to avoid variability in  dosage which might follow 
the use of virus contained in a  tissue emulsion due to presence therein of viral clumps, 
the virus was employed in the form of a  suspension  of elementary bodies in 0.004  a, 
buffer solution which had a pH of 7.2.  These viral suspensions were made according 
to the technique of Rivers and Ward (2) except that after the first passage on the skin 
a  suspension of elementary bodies was  used  for inoculation rather  than  the  virus 
contained in a  suspension of infected tissue.  At the time of these experiments, the 
virus had been subjected to not more than fifteen such dermal passages.  The virus 
was highly virulent for rabbits, infection leading to death in all but 3  to 5 per cent 
of animals. 
Titration of Virus.--For purposes of titration, serial tenfold dilutions of virus were 
made in Locke's solution.  Four or five insertions of each were made intradermally 
in a rabbit in a volume of 0.1 cc.  The animals were observed daily and the presence 
or absence of lesions was determined.  Because infection with this virus under normal 
conditions is uniformly characterized by the development of secondary lesions, the 
observations made on the day before the appearance of these (usually the 5th or 6th 
day after inoculation) were used in computing the viral titer.  When, in the animals 
exposed to high temperatures, no secondary lesions appeared, the time of maximal 
development of lesions was selected for calculation.  The calculations of titer were 
made according to the method of Muench and Reed (3), that dilution being chosen 
as end-point which should give rise on multiple inoculation to an equal number of 
positive and negative results. 
Rabbits.--The rabbits were of various breeds.  In order to avoid cross infection 
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with vaccinia, only rabbits which were  convalescent from  vaccinal infection were 
used.  The hair was removed with an electric dipper just before they were inoculated. 
Housing of AnimaIs.--The rabbits under experiment were kept in individual cages, 
liberally supplied with food and water.  For the experiments on the effect of high 
external temperature they were placed in a well ventilated room, the temperature of 
which was thermostatically controlled to within  =t=0.5°C.  It was soon learned that 
few animals survived transfer from the general animal quarters to a  room heated to 
38°C. or more.  However, if the temperature was gradually elevated, temperatures 
higher than  this were tolerated with little obvious discomfort.  Strict precautions 
were taken to prevent transmission of infectious material from diseased to normal 
animals, and during the course of these experiments no cross infections were observed. 
Protection Tests.--Tests for the presence of protective antibodies in the serum of 
recovered animals were made as follows: Serial tenfold dilutions of viral suspension 
were prepared covering the entire expected range of infectivity of the virus.  To one 
portion of each dilution of viral suspension an equal amount of normal serum, and to 
another portion of the same suspension immune serum, was added and mixture was 
accomplished.  Four  inoculations of  each  mixture  were  then  made  intradermally 
into a  single rabbit and the presence or absence of resulting lesions was recorded. 
Thus, two titrations of virus were accomplished: one in the presence of normal, and 
the other in the presence of immune, serum.  The titers were calculated as before 
estimating from the data the dilution of virus which would give rise to lesions in 50 
per cent of cases if multiple inoculations were practiced.  It was assumed that the 
difference between  the  two titers represented the quantity of Virus  "neutralized," 
or against which protection was afforded. 
Precipitin  Tests.--Precipitin tests were done according to the technique of Rivers 
and Ward (2).  Antigen was secured by extracting the minced tissue secured from 
the  skin  of  an  animal heavily infected with  myxoma.  Incubation  was  at  56°C. 
overnight. 
Since the prime object of the study was to observe the effect of high environ- 
mental temperature on the course of infectious myxomatosis, the experiments 
were designed first to give this information. 
Several groups of rabbits, after being acclimated to the desired temperature, were 
subjected to intradermal inoculation with serial tenfold dilutions (in amounts of 0.1 
cc.) of a  suspension of active virus.  At least three inoculations were made of each 
dilution, and a  wide range  (from undiluted stock suspension to a  dilution of 10  -7) 
of dilutions was covered.  Finally one or more animals was inoculated with the same 
viral dilutions and returned to the general animal quarters to serve as control.  The 
animals were observed daily and records made as to the presence or absence of lesions 
at the site of inoculation, and as to the general character and approximate size of 
those present.  The apparent titer of virus was recorded as the d~lution giving rise 
to 50 per cent of positive results on inoculation, calculated according to the method 
of Muench  and  Reed  (3).  Animals alive at least  1 month  after inoculation with 
lesions regressing were considered to have survived the infection. 
The results of these experiments are presented in part in Fig. 1.  There are 
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control animals,  and  the  apparent  titer  in  the  animals  exposed  to  varying 
temperatures; in each case the points are plotted above the mean temperature 
prevailing  during  the  experiment.  It is  apparent  from the  figure  that  the 
action of external temperature was a  regular and very marked one.  At the 
lowest temperatures  used,  no evident difference existed  between  the  control 
and experimental animals as far as viral titer is concerned.  At intermediate 
temperatures, there is manifest a  wide variation in the response of individual 
rabbits to viral inoculation, the difference in apparent titer of virus being far 
greater than any which could possibly be accounted for on the basis of chance. 
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FIG.  1.  Effect  of  environmental  temperature  on  infection  with  myxomatosis. 
Each circle represents  the result obtained with a single animal.  The titer of virus in 
the control was taken as base, and the titer in experimentally  treated animals  com- 
pared with it.  A diminished titer of virus in the experimental  as compared with the 
control animal is plotted as a positive,  and increased  titer asa negative logarithm. 
(Log  control titer  --  log  experimental  titer  =  log  difference.)  The open  circles 
indicate  that no lesions appeared in the experimental  animals  and the titer of virus 
in them was accordingly taken to be 0. 
Finally at the highest temperatures, no lesions at all followed insertion of even 
large amounts of active virus. 
A detailed  account of the events in two of these animals  may be of importance. 
Rabbits 3-74 and 3-77 were inoculated  with a series of dilutions  of potent virus, at a 
time when  the mean room temperature  was  41.0°C.  No lesions  developed  in  17 
days of observation  after which  the room temperature was lowered.  5 days after 
the temperature had fallen to 36.5°C. several large myxomatous lesions were found 
to have appeared.  At this time, the temperature was raised again and these animals 
Droceeded eventually to recover.  It would appear that the virus  of myxoma had 
persisted in them during the period of exposure to high temperature, without causing 
disease, but it became active again when more favorable conditions presented. 
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suspension  just  giving all  positive  results  on inoculation  and  that  giving all 
negative results was approximately constant from rabbit to rabbit,  including 
the control animals, even though there was considerable variation in apparent 
titer  between  different  animals. 
The data of a representative experiment are presented in Table I.  Because of the 
wide range of dilutions which had to be used in each rabbit, the number of inoculations 
per dilution was necessarily limited.  Within the limits of the data, it is apparent that 
100-fold dilution of a suspension which was just capable of causing lesions toappear 
regularly in a given rabbit, produced a suspension which gave no lesions in that rabbit, 
although the diluted suspension might still be highly infectious for another animal. 
This wide variation in the reactivity of different rabbits, but uniform response of the 
single  animal  was  consistent  during  the  entire  study.  Early  attempts  to  apply 
TABLE I 
Results of 7 Simultaneous Titrations of Virus 
The animals were kept at a temperature  of 37.2-38.5°C.  Control fiter at room tempera- 
ture 10  .-0.6  .  The numerator indicates the number of lesions appearing;  the denominator  the 
number of inoculations at indicated dilution. 
Viral dilution 
10-1 
10-2 
10-  S 
10-' 
10-  5 
10-6 
50 per cent dilution ..... 
Rabbit No. 
1-94  ]  1-97 
4/4  4/4 
4/4  4/4 
4/4  4/4 
4/4  4/4 
4/4  4/4 
0/4  1/4 
5.50  5.66 
4-O6  4-07 
4/4  4/4 
4/4  4/4 
4/4  4/4 
1/4  0/4 
0/4  0/4 
O/4  0/4 
3.66  3.50 
4-08  4-I,5 
4/4  4/4 
4/4  4/4 
0/4  4/4 
0/4  3/4 
0/4  2/4 
0/4  0/4 
2.50  4.68 
4-20 
4/4 
4/4 
0/4 
0/4 
0/4 
O/4 
2.50 
statistical methods of analysis of the data obtained after pooling the results obtained 
from several animals had to be abandoned, as it was obvious that the host factor was 
the determining one in the combined data.  Nevertheless, the titration curve for any 
individual animal did not seem to differ from the titration curve of virus in the control 
animal, although conditions precluded the securing of conclusive evidence (4). 
In addition to the effect on the apparent titer of virus, elevation of external 
temperature  produced  other  profound  modifications  in  the  infection, most 
dramatic of which was in the mortality rate.  Data are presented in Table II 
on the mortality of animals in relation to the difference in apparent  titer be- 
tween control and experimental rabbits.  It is seen that at low temperatures, 
little difference existed between viral titer in control and experimental animals, 
and  that  but  one  animal  survived.  It  happened  that  this  animal  did  not 
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lesions  developed.  Whether or  not  survival in  this  instance can  certainly 
be attributed to the slight elevation of temperature may be debated, although 
it has  been  the  experience  of others  that  infection initiated with minimal 
amounts of virus is  regularly fatal.  At the higher temperatures, however, 
there seems to be a definite correlation between the temperature and recovery 
rate, for when the  room  temperature was  above 36°C. 23 of 28 animals in- 
oculated survived the infection.  That the whole course of the infection was 
actually being  altered  was  apparent  also  from  the dally inspection  of  the 
animals.  In rabbits with myxomatosis under normal conditions,  the disease 
is a progressive one.  Lesions appear at the sites of viral inoculation more or 
less  promptly depending upon  the  concentration of virus  inserted.  These 
enlarge  progressively,  and if of considerable  size show a markedly congested 
central area,  which  may break down,  exhibiting the typically myxomatous 
TABLE II 
Effect of Environmental Temperatur, on Mortality from Myxoma 
Temperature 
Log of difference  in titer  33-36°C.  36-42oC. 
T*  S  T  S 
1  -0.1 
0  -1 
1.1-2 
2.1--6 
7 
4 
17 
4 
2 
17 
Total ...........  10  1  28  23 
* T  =  total number,  S  =  number surviving in indicated groups. 
character of the swelling.  By the end of a week, generalization of infection 
has almost invariably occurred, with lesions widespread in the skin, on mucous 
membranes,  and particularly at mucocutaneous junctions.  No regression  of 
the individual swellings is observed.  In the animals benefiting from exposure 
to high temperature, the course is much different.  The lesions as they develop 
in the first few days much resemble those in the control.  They progress more 
slowly, however,  there is less erythema, and by the 6th to 8th day their de- 
velopment  is  maximal.  At  about  this  time  the  central  portion  becomes 
cyanotic, and within the next day or so there is apparent a slight regression 
of the swelling at the edges of the mass, often giving this a broadly peduncu- 
lated character.  Secondary lesions  when they appear  tend to be few,  and 
hardly ever attain any considerable  size, the largest rarely having a diameter 
of 10 ram.  As time progresses the lesions heal, those of any considerable size 
healing after the separation of a central slough of necrotic tissue.  Within 3 572  INFECTIOUS MYXOMATOSIS O~  RABBITS 
weeks as a  rule,  the animal has  completely recovered,  save perhaps for  the 
healing of some of the larger ulcers. 
The state of immunity of the experimental animals on recovery is of con- 
siderable interest, and certain observations of it have been made.  While all 
tests were  not applied to all animals,  sufficient data are available to give a 
reasonably complete picture. 
TABLE III 
Te3ts of Immunity of Rabbits Surviving Myxoma 
Rabbit 
No. 
4-89 
445 
3-43 
3-46 
3-88 
3-89 
3-95 
3-74 
3-77 
4-06 
4-07 
4-08 
4-15 
4-20 
4-04 
Al.)paren| 
tlter of 
virus 
(log) 
2.4 
0.5 
5.5 
6.0 
5.0 
3.0 
5.5 
LI 
li 
3.7 
3.5 
2.5 
5.3 
2.5 
3.0 
Second  - 
ary 
lesions 
+ 
+ 
+ 
+ 
+ 
Room 
temperature 
*C. 
39.4-40.6 
36.7-37.2 
¢¢  cc 
40.4-41.5 
II  ll 
37.2-38.5 
ll  ll 
¢¢  ¢¢ 
Tests  of  serum 
Precipitin  Protection 
I-2" 
Negative 
1-32  Pooled~ 
1-32  " 
1-32  " 
1-32  " 
1- 2  " 
1-2 
1-8 
1-4  0 
I-2  0 
I-2  0 
1-8  0 
Negative  0 
1-16 
Results of relnoculation 
Titer o 
virus 
6.0 
6.0 
NR§ 
cc 
c~ 
cc 
Second- 
say 
lesions 
+ 
+ 
+ 
+ 
5.7 
Died 
Survived 
S 
D 
S 
~c 
C¢ 
~c 
c~ 
D 
* Highest dilution of serum giving visible precipitate. 
Sera not tested individually but as a pool, this protected against 101.7 infectious  units. 
§ No response to lowest dilution of viral suspension inoculated. 
][ No lesions on first inoculation; lesions appeared later, see text. 
Some time in early convalescence, after removal to the general animal quarters, 
the animals were bled and the serum separated.  This was kept for tests of antibody 
content, and the rabbit was meanwhile subjected to reinoculation with active virus. 
In Table III are collected the data on titer of precipitins and protective anti- 
bodies, and  the results of reinoculation.  It would not  appear wise to  draw 
final conclusions from the amount of information available, yet certain tenta- 
tive deductions seem to be in order.  Thus, there does not seem to be a perfect 
correlation between  the  apparent  severity of the  initial disease, and  the re- 
sponse to reinoculation.  Rabbit 4-45, having passed through a  mild disease, 
developed no precipitating antibodies and  died of myxomatosis on reexposure. R. F. PARKER  AND  R. L. THOMPSON  573 
On the other hand, the same outcome followed the reexposure to virus of rabbit 
4-08,  in  which  the  original  infection had  seemed  much  more  severe.  No 
protective antibodies were found in the serum of this rabbit, nevertheless, and 
fatal  myxomatosis followed reinoculation.  Of 4  animals  convalescent from 
generalized infection, 2 succumbed on reinoculation, while of 7 with no evident 
secondary lesions, 5 recovered.  It was regularly observed that those rabbits 
which  showed any  evident  signs  of infection when  reinoculated with  virus 
developed lesions after inoculation of minimal amounts of it, and all showed 
many secondary lesions during the course of this second infection, although 1 
recovered.  Those animals which were evidently resistant to the virus showed 
no signs of actual infection when reinjected.  All of these animals did respond 
to the reintroduction of virus with a very marked allergic reaction, the more 
concentrated viral suspensions causing the appearance of large areas of edema 
(3 x  5 cm. in diameter) which developed rapidly and had as a  rule subsided 
completely with 72 hours of the inoculation.  That the allergic reaction itself 
was not the actually protective mechanism was evident from the fact that in 
some animals as it subsided the signs of infection appeared, and fatal myxo- 
matosis  followed. 
strM~ARY AND CONCLUSmNS 
Rabbits, convalescent from vaccinia and in good general health, were sub- 
jected to infection with myxoma during a period of exposure to a  high external 
temperature.  It  was  observed  that  in  proportion as  the  temperature  was 
elevated, a profound change in the course of the myxoma infection occurred. 
At the highest temperatures, the disease was held completely in abeyance, and 
no lesions appeared within  17 days of observation.  At  lower temperatures, 
lesions appeared which tended  to be circumscribed, and which reached their 
maximum  development  within  6  or  8  days  after  inoculation.  Regression 
then set in and complete healing  occurred.  There was wide variation in the 
degree of protection which  a  given  temperature conferred on an  individual 
rabbit as measured by the amount of virus required to cause infection, although 
for single animals the difference in concentration of virus required to produce 
consistently positive  and  consistently  negative  results  was  not  apparently 
different from that obtaining in the controls.  With the data at hand, it does 
not appear justifiable to draw final conclusions as to the state of immunity of 
the  animals  which  survived the modified infection. 
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